Introduction
============

The standard method to diagnose and manage benign and malignant nodal disease is lymph node biopsy. Cervical mediastinoscopy (CM) is one of the methods to evaluate mediastinal lymph nodes. Mediastinoscopy is the most traditional method to evaluate mediastinal lesions[@b1-tcrm-13-939] and is still a current option to evaluate mediastinal lymph node lesions.[@b2-tcrm-13-939] In addition to allowing sampling of paratracheal and subcarinal lymph nodes, direct biopsy of mediastinal tumours is also possible with CM.

Over the years, new diagnostic tools such as transbronchial needle aspiration (TBNA), positron emission tomography/computed tomography (PET/CT), endoscopic ultrasound-guided fine needle aspiration (EUS-FNA), and endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) have been introduced for evaluating the mediastinum, especially in subjects with lung cancer. Many studies have evaluated the diagnostic value of mediastinoscopy in lung cancer diagnostic and staging algorithms. However, there is limited data about the diagnostic value of both CM and new diagnostic modalities in patients with noncancerous mediastinal lymphadenopathy. Herein, we reviewed our clinical experience of CM in patients with noncancerous mediastinal lymphadenopathy.

Materials and methods
=====================

Medical records of all patients without lung cancer who consecutively had undergone mediastinoscopy in our institution between June 2003 and December 2016 were retrospectively reviewed. Conventional mediastinoscopy has been replaced by video-assisted mediastinoscopy since May 2007. Mediastinoscopy was performed when enlarged (short axis \$10 mm) mediastinal lymph nodes or mediastinal masses were detected in the computed tomography (CT) image. Lymph node status was classified according to the international staging system reported by Mountain and Dresler.[@b3-tcrm-13-939] Patients with mediastinal lymph node enlargement due to non-lung cancer and with a previous bronchoscopic lavage, TBNA, or EBUS-TBNA were included. Patients who underwent mediastinoscopy with an aim to stage lung cancer were excluded. Most of the patients were suspected to have granulomatous disease such as sarcoidosis or tuberculosis. Standard fiberoptic bronchoscopy with bronchoalveolar lavage was performed before mediastinoscopy in all the cases suspicious of sarcoidosis. The diagnosis of sarcoidosis was made when the tissue sample revealed non-caseating granulomas along with compatible clinical features and exclusion of other causes for granulomatous inflammation (clinical history, follow-up, and a combination of negative tissue staining for acid-fast bacilli and negative respiratory mycobacterial cultures). As this was a retrospective study, approval from the local ethics committee was waived according to the regulations in our country.

All patients suspected to have lymphoma were examined for subcutaneous peripheral adenopathy. Data recording time of surgery, lymph node sampled, count of biopsies, number of sampled nodal levels, pre- and postoperative morbidity and mortality, histopathological diagnosis, and length of hospital stay were collected. The follow-up was assumed to be every 6 months in cases diagnosed by CM. This study was conducted in accordance with the Helsinki Declaration.

Mediastinoscopy was carried out according to the standard techniques.[@b1-tcrm-13-939],[@b4-tcrm-13-939] We did not perform extended CM as described by Ginsberg,[@b29-tcrm-13-939] in any of the patients. CM was performed in all patients under general anesthesia with single-lumen tube tracheal intubation. We used a supine position with a roll under the shoulders to extend the cervical area. A small incision was made in the suprasternal notch. A dissection was performed in the middle line between the strap muscles. Then, the pretracheal fascia was opened using scissors and separated from the anterior part of the trachea by digital dissection. We reached lymph nodes under innominate artery after dissecting pretracheal fascia. Wherever possible, lymph nodes were totally resected, otherwise only biopsies were taken. At least two lymph nodes were sampled. In the presence of mediastinal mass that could not be differentiated from conglomerate lymphadenopathy, sufficient tissue was taken for biopsy from the mass.

Statistical analysis was done. Continuous variables were expressed as means and ranges, and frequencies were expressed as percentages (%).

Results
=======

Two-hundred twenty nine patients without lung cancer underwent CM for the pathological evaluation of mediastinum during the study period. We included 156 female (68%) and 73 male (22%) patients. Mean age of the patients was 52.6 years (range, 16 to 85 years). Mean operative time was 41 minutes (range, 25 to 90 minutes). Mean number of lymph node biopsies was 9.3 (range, 5 to 24). Five hundred and ten nodal stations were biopsied. Mean level of sampled nodal number was 2.2 (range, 2 to 3). The most frequent nodal level biopsied was the right lower paratracheal (station 4R, n=210), followed by the right upper paratracheal (station 2R, n=190), the left upper paratracheal (station 2L, n=40), the subcarinal (station 7, n=40), and the left lower paratracheal (station 4L, n=30) lymph nodes. Thirty-five lymph nodes were resected totally ([Table 1](#t1-tcrm-13-939){ref-type="table"}).

Diagnosis included sarcoidosis (n=100), tuberculous lymphadenitis (n=66), anthracosis lymphadenitis (n=44), lymphoma (n=11), metastatic carcinoma (n=5), and Castleman's disease (n=1); there was a diagnosis of silicosis in one patient and thymoma in one patient ([Table 1](#t1-tcrm-13-939){ref-type="table"}). The pathologic diagnosis was also confirmed by clinical and radiological findings (CT) in all cases during the follow-up and treatment period.

Altogether, 45 patients (19.6%) had previously undergone a nondiagnostic bronchoscopic biopsy such as TBNA or EBUS-TBNA.

Neither operative mortality nor major complications developed. The only minor complication was wound infection which was detected in three patients. No late complications were recorded. Most of our patients were from out of the city, and therefore we advocated a routine 24-hour hospital stay. Mean length of patient follow-up was 52 months (range, 4 to 80 months).

Discussion
==========

Mediastinoscopy is a common procedure to diagnose mediastinal diseases. Since its introduction by Carlens in 1959, it has become the gold standard by which all other methods are evaluated.[@b1-tcrm-13-939] Although mediastinoscopy is most commonly used in the staging of lung cancer, it is useful for the diagnosis of non-lung cancer mediastinal lymph node diseases.[@b2-tcrm-13-939] CM is recommended by the European Society of Thoracic Surgeons (ESTS) guidelines as the standard procedure for staging with sampling of node stations 2, 4, and 7.[@b5-tcrm-13-939] Inability to sample posterior region of subcarinal lymph nodes may be the disadvantage of this method. EBUS-TBNA is recommended by the American College of Chest Physicians (ACCP) as the first-line method to stage lung cancer.[@b6-tcrm-13-939] Bronchoscopic lavage, TBNA, or EBUS-TBNA was applied to 19.6% (n=45) of our cases. Because EBUS has been a relatively new technique and followed in our hospital from past few years, we did not have sufficient experience in performing EBUS. Centers conducting EBUS as a routine procedure for many years have reported high sensitivity and recommended EBUS as the first-line method.[@b7-tcrm-13-939] The excellent results of EBUS have been reported from same limited number of centers with high experience.[@b7-tcrm-13-939]--[@b10-tcrm-13-939] It has been reported the learning curve of EBUS-TBNA is more than 120 even in experienced bronchoscopists.[@b11-tcrm-13-939] Despite absence of such a number of patients and experienced pathologist, EBUS/TBNA is increasingly used.[@b12-tcrm-13-939]

Mediastinoscopy established a perfect diagnostic accuracy of the method used in our study. This is consistent with the data found in other reports.[@b2-tcrm-13-939],[@b13-tcrm-13-939] Tuberculosis is a common disease in our country and is responsible for most of the benign intrathoracic lymph node enlargements.[@b14-tcrm-13-939] Sixty-six of the 229 patients (28.8%) in our study had a diagnosis of tuberculosis lymphadenopathy.

According to a statement issued by the American Thoracic Society, the European Respiratory Society, and the World Association of Sarcoidosis and Other Granulomatous Disorders,[@b15-tcrm-13-939] the diagnosis of sarcoidosis requires a compatible clinical picture, as well as demonstration of noncaseating granulomas without necrosis and exclusion of other probable diagnosis. Histological diagnosis is necessary before possible treatment and to rule out other diseases, such as lymph node metastases, lymphoma, or tuberculosis.[@b16-tcrm-13-939] In our study, 100 patients with sarcoidosis were successfully diagnosed by mediastinoscopy.

A diagnosis of sarcoidosis with conventional TBNA has been reported in 48%--82% of the cases, which is lower than that observed in the studies with EBUS-TBNA.[@b17-tcrm-13-939],[@b18-tcrm-13-939] Garwood et al demonstrated that EBUS-TBNA of mediastinal/hilar lymph nodes may yield a granulomatous reaction in 85% of the patients suspicious of pulmonary sarcoidosis.[@b18-tcrm-13-939] The presence of non-caseating granulomas on cytological examination, however, was not sufficient to diagnose sarcoidosis.[@b19-tcrm-13-939] Other granulomatous diseases such as tuberculosis and histoplasmosis were not considered for a final diagnosis of sarcoidosis. However, granulomatous response to malignancy, especially lymphoma, has been described.[@b20-tcrm-13-939] It is highly important to obtain sufficient lymph node samples in order to differentiate sarcoidosis from other granulomatous diseases, especially in cases where tuberculosis is prevalent. Therefore, limited histological nodal sampling is not sufficient for an accurate diagnosis of sarcoidosis.[@b21-tcrm-13-939] Mycobacterial and fungal cultures should be performed to exclude the probability of infection in patients with any suspicion.

Excisional biopsy is recommended by the guidelines for diagnosis of lymphoma.[@b22-tcrm-13-939],[@b23-tcrm-13-939] The sensitivity of EBUS-TBNA technique may be as low as 22%. Therefore, mediastinoscopy is proposed as the first-line method to evaluate lymphoproliferative diseases.[@b24-tcrm-13-939] We diagnosed lymphoma in 11 cases in our study.

The rate of morbidity in our study is 1.3%. This rate is similar to that reported in other studies.[@b2-tcrm-13-939],[@b17-tcrm-13-939],[@b25-tcrm-13-939],[@b26-tcrm-13-939] Perioperative bleeding, postoperative pneumothorax, wound infections, and temporary or permanent postoperative recurrent nerve paresis are probable complications.[@b5-tcrm-13-939],[@b26-tcrm-13-939] Absence of any type of morbidity in our population may be due to relatively low number of patients included in our study. The reason for the absence of temporary or permanent postoperative recurrent nerve paresis in our cases may be explained by avoidance of electrocautery or local anesthesia usage.[@b27-tcrm-13-939] The prevalence of major procedure-related bleeding was reported to be in the range of 0.1% to 0.4%.[@b25-tcrm-13-939] Absence of any cases having undergone previous radiotherapy may be the reason for not observing major bleeding in our population. In addition, five cases with malignant disorder had received systemic chemotherapy. Absence of repeat mediastinoscopy may also account for low mortality and morbidity in our cases.[@b28-tcrm-13-939]

There were no cases of false-negative diagnoses in our study, which was reported to be up to 8.8% in other studies performed in patients with lung cancer.[@b13-tcrm-13-939] Because thoracotomy was not indicated in any of our patients, we were not able to present false-negative data.[@b13-tcrm-13-939]

Mortality rates have been reported to be in a range of 0% to 0.1%.[@b13-tcrm-13-939],[@b30-tcrm-13-939] The mortality rate in our study was zero, which may be owing to a relatively low number of subjects. During the 13-year period, mediastinoscopy was found to be a safe procedure for the diagnosis of mediastinal diseases in our study.

Teaching mediastinoscopy has been difficult in the past with the conventional technique, but this has changed with the invention of video-mediastinoscopy. Exposure of anatomical landmarks such as the pulmonary artery, the vena azygos and vena cava, the left recurrent laryngeal nerve, and subcarinal lymph nodes is further facilitated by visualization on the video screen.[@b13-tcrm-13-939],[@b30-tcrm-13-939] This helps in teaching and training of the surgeon owing to improved visualization and easier dissection. Since 2007, we have been using video-mediastinoscopy in our institution.

Mediastinoscopy continues to have an important role in the sampling of masses and lymph nodes in mediastinum by providing a secure diagnosis to the patients with no lung cancer. Previous studies, however, reported mediastinoscopy to be more invasive and linked to a greater morbidity than TBNA.[@b31-tcrm-13-939] In contrast to these results, our study found that mediastinoscopy is a safe procedure with acceptable morbidity. In addition, lymph node sampling by mediastinoscopy has remained the "gold standard" approach for the differential diagnosis of mediastinal adenopathy.[@b2-tcrm-13-939]

Despite prospective studies comparing EBUS-TBNA with mediastinoscopy to stage lung cancer, it will be difficult to perform prospective studies today because of the lack of data indicating thoracotomy in patients with noncancerous disease.[@b7-tcrm-13-939] Lacking of confirmation of EBUS-TBNA with mediastinoscopy as the gold standard method is reported to be a major limitation of studies with high diagnostic accuracy of EBUS-TBNA.[@b32-tcrm-13-939] Prospective studies that directly compare mediastinoscopy with new diagnostic methods such as EBUS and TBNA to diagnose noncancerous mediastinal adenopathy are warranted.

The limitations of this study are inclusion of single centered data, small sample size, and retrospective design.

Conclusion
==========

Although newer diagnostic procedures are being employed to identify mediastinal diseases, mediastinoscopy is still a safe and effective method for investigating these diseases. Also, mediastinoscopy is currently a valid and valuable method and may be used where minimally invasive methods are unsuccessful. Mediastinoscopy should be regularly performed in thoracic surgery clinics to be able to be performed safely in the indicated patients in future.
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###### 

Sampling parameters of the patients

  Mean (range) number of sampled nodes   9.3 (5--24)
  -------------------------------------- -------------------------
  Nodal stations (n=510)                 4R, n=210
  2R, n=190                              
  2L, n=40                               
  7, n=40                                
  4L, n=30                               
                                         
  Histological diagnosis, n (%)          Sarcoidosis, 100 (43.6)
  Tuberculous lymphadenitis, 66 (28.8)   
  Anthracosis lymphadenitis, 44 (19.2)   
  Lymphoma, 11 (4.8)                     
  Metastatic carcinoma, 5 (2.9)          
  Castleman's disease, 1 (0.4)           
  Silicosis: 1 (0.4)                     
  Thymoma, 1 (0.4)                       
